(Received 20 October 1980)
A class of chlorate-resistant mutants of Rhizobium japonicum 110 has been isolated which is devoid of nitrate reductase activity but forms normal amounts of this enzyme when the medium is supplemented with 100 yM-sodium molybdate. Addition of molybdate to the mutants in the presence of chloramphenicol results in the formation of active nitrate reductase detected by nitrite secretion in the culture supernatant.
I N T R O D U C T I O N
R hizobium japonicum can grow anaerobically or under microaerobic conditions in the presence of nitrate. The nitrate serves as terminal electron acceptor and nitrate reductase is part of the electron transfer complex (Daniel 8z Appleby, 1972; Phillips et al., 1973; Daniel 8z Gray, 1976) . Nitrate reductase is a multimeric molybdoprotein so any mutation which restricts molybdate utilization will result in a nitrate reductase-negative phenotype (Nason et al., 1971; Glaser & DeMoss, 1971; Sperl & DeMoss, 1975; Scott etal., 1979) .
Chlorate, an analogue of nitrate which is metabolized by nitrate reductase to the lethal compound chlorite, has been used to select for mutants defective in the nitrate reductase system (Puig 8z Azoulay, 1967; Guest, 1969; Glaser & DeMoss, 1972; Pagan et al., 1977) . In Escherichia coli, the chlD (narD) mutation can be phenotypically reversed by the addition of a high concentration of sodium molybdate to the growth medium leading to restoration of nitrate reductase activity. The chlD gene in E. coli facilitates the insertion of molybdenum to form the active nitrate reductase protein (Sperl 8z DeMoss, 1975; Scott et al., 1979) . Kiss et al. (1980) did not detect a similar class of chZD mutants in R . meliloti. This paper reports the isolation and preliminary characterization of mutants of R. japonicum 110 altered in molybdate metabolism.
M E T H O D S
Isolation of chlorate-resistant mutants. Rhizobium japonicum strain 3 1 l b 1 10 was grown in MY medium (O'Gara & Shanmugam, 1976) to a density of 100 Klett units, resuspended at a density of 50 Klett units in fresh MY medium containing N-methyl-N'-nitro-N-nitrosoguanidine (200 pg ml-l; Aldrich Chemical Co.) and incubated at 30 OC for 1 h. This treatment resulted in about 99% killing. The mutagenized culture was washed twice with distilled water, resuspended in fresh MY medium and grown for 3 d at 25 OC. Chlorate-resistant mutants were isolated by plating a suitable dilution of the mutagenized culture on to minimal agar (1.5%, w/v) plates containing potassium chlorate (0.2 %, w/v), g glut am ate (1 g 1-I) and yeast extract (1 g 1-l) as the nitrogen source, and arabinose (2 g 1-') and succinate (1 g 1-' ) as carbon sources. Plates were incubated under N, with 0.1 % (v/v) 0, at 28 O C for 10 d. Enzyme activity. Nitrate reductase activity was assessed by measuring the concentration of nitrite which accumulated in the culture during growth. Bacteria were grown anaerobically in glutamate/malate minimal medium with 10 mM-KNO, for 72 h at 25 OC. Na,MoO, (100 PM) was added to some cultures to test for restoration of nitrate reductase activity in the mutant strains. Nitrite was determined colorimetrically as described by Nicholas & Nason (1957) and the protein content of the cells was determined according to Lowry.
Enzyme activation experiments. Rhizobium japonicum 110 and mutant strains were grown at 25 "C in MY medium to lo9 cells ml-l, washed and resuspended in minimal salt medium to 2.5 x lo9 cells ml-l and inoculated at 1 t? 20 dilution into glutamate/malate minimal medium. Cells were grown without KNO, for 96 h at an 0, tension of 0-1 % in sealed serum bottles. Then 10 mM-KNO, was added and the bottles were flushed with N, three times. The bottles containing the growing bacteria were divided into three groups: (a) no molybdate added; (b) 100 pM-Na,MoO, added; (c) no molybdate added. After 48 h at 25 "C, 100 vg chloramphenicol ml-' and 100 pM-Na,MoO, were added to group (c). All the bottles were incubated for a further 48 h. Bacteria in each bottle were then sedimented by centrifugation and the concentration of nitrite in the supernatant was determined.
R E S U L T S A N D D I S C U S S I O N
Eleven chlorate-resistant mutants (C3, C24, C28, C5 1, C53, C6 1, C67, C 102, C 116, C 122 and C 124) were tested for their dependence on molybdate to restore nitrate reductase activity. Nitrate reductase activity was determined by measuring the amount of nitrite secreted by the bacteria into the medium. The nitrate reductase activity of mutants C 116, C 122 and C 124 was restored to that of the wild-type by the addition of 100 pM-molybdate to the growth medium. The rest of the mutants did not show any activity.
The activation of nitrate reductase by molybdate occurred in vivo when protein synthesis was inhibited by chloramphenicol (Table 1, lines 7, 8 and 9). When grown in the absence of molybdate, mutants C 122 and C 124 were devoid of any activity ( Table 1, lines 2 and 3) . Thus high concentrations of molybdate circumvent the mutation. These results indicate that the mutant accumulates an inactive form of nitrate reductase which could be activated in vivo by the addition of molybdate. A complex mechanism of activation may be involved.
Both nitrogenase and nitrate reductase in R hizobium spp. contain molybdate. Some correlations in structure and biosynthesis have been suggested. Immunodiffusion tests demonstrated that cross-reactive material to antiserum prepared against the Mo-Fe protein component of nitrogenase from soybean nodule bacteroids was detectable in extracts of free-living R. japonicum cultured anaerobically with nitrate (Bishop et al., 1975) . Kennedy & Postgate ( 1977) have studied the expression of KlebsieEEa pneurnoniae nitrogen-fixing genes (nif) carried on plasmid RP41 in nitrate reductase mutants of E. coli. They found that nitrogenase activity in chlD mutants depends on the addition of molybdate to the medium (Kennedy & Postgate, 1977) . The nitrogenase activity of bacteria under nitrogen-fixing 
